The existence of tremendous genetic diversity within Campylobacter species has been well documented. To analyse the population structure of Campylobacter and determine whether or not a clonal population structure could be detected, genetic diversity was assessed within the genus Campylobacter by multilocus enzyme electrophoresis of 156 isolates representing 11 species and subspecies from disparate sources. Analyses of electrophoretic mobility of 11 enzymes revealed 109 electrophoretic types (ETs) and 118 ETs when nulls were counted as an allele. Cluster analysis placed most ETs into groups that correlated with species. With nulls counted as alleles, 19 ETs were identified among 33 isolates of Campylobacter lari, 31 ETs among 34 isolates of Campylobacter coli and 43 ETs among 59 isolates of Campylobacter jejuni subsp. jejuni. Nine C. jejuni subsp. jejuni isolates, confirmed as this species by DNA-DNA hybridization, were hippuricasenegative. Reported linkage analyses were done with nulls ignored. Scores for mean genetic diversity (H) were high for the total population (mean H l 0802). Allelic mismatch-frequency distributions and allelic tracing pointed to possible genetic exchange between subpopulations. C. lari appears to be a panmictic species. Some pairs of species shared multiple alleles of certain loci, possibly indicating genetic exchange between species. Of the species tested, C. jejuni appeared to be the most active in sharing alleles. However, there was evidence of variable involvement in recombination by the different loci. Linkage analysis of loci in C. jejuni and C. coli revealed a clonal framework, with some loci tightly linked to each other. The loci appeared to occur in linkage groups or islands. Campylobacter may have a clonal framework with other portions of the genome involved in frequent recombination. Population genetic structure among Campylobacter is inconclusive and it remains to be seen if pathogenic types can be identified.
INTRODUCTION
The family Campylobacteraceae was created based on extensive DNA-rRNA hybridization studies of campylobacters, wolinellas and Campylobacter-like organ- characterization (Alderton et al., 1995 ; Etoh et al., 1993 ; Stanley et al., 1992 ; Thompson et al., 1988 ; Vandamme & De Ley, 1991 ; Vandamme et al., 1995) . Campylobacter jejuni is recognized as the most common cause of human diarrhoeal disease (Mead et al., 1999) . Other species within the genus are increasingly being associated with enteritis, septic abortion, septic arthritis and other diseases (Bourke et al., 1998) .
Many methods have been used to subtype Campylobacter species and all methods used reveal tremendous diversity. Two serotyping systems are commonly used. Fifty-seven antisera are routinely used for heat-stable typing and 55 antisera are used for heat-labile antigen typing (Patton et al., 1993) . More than one heat-stable or heat-labile antigen may occur on a given isolate of Campylobacter. However, only five heat-stable serotypes or six heat-labile types accounted for about half of 298 isolates from sporadic cases of campylobacteriosis in the United States (Patton et al., 1993) .
DNA-based subtyping methods have also been used with Campylobacter. Fitzgerald et al. (1996) described 77 16S ribotypes among 261 independently collected isolates of C. jejuni. Randomly amplified polymorphic DNA analysis of C. jejuni and Campylobacter coli gave a different pattern for every independently gathered isolate, whereas isolates from a common source or an outbreak had groups of identical isolates (Madden et al., 1996) . Owen et al. (1995) analysed isolates of two different heat-stable serotypes by pulsed-field gel electrophoresis. They detected 25 different patterns in 80 isolates of heat-stable serotype 1 and 29 different patterns among 90 isolates of heat-stable serotype 4. There have been several studies of restriction enzyme digest analysis of total genomic DNA from Campylobacter. As an example, Korolik et al. (1995) used ClaI and EcoRV to digest total DNA from 120 isolates of C. jejuni from six different poultry farms and found 89 distinguishable restriction fragment length polymorphism patterns.
Multilocus enzyme electrophoresis (MLEE) is a technique that is used to characterize the genotype of an organism based on the electrophoretic mobility of several enzymes from individuals in a population (Selander et al., 1986) . The electrophoresis is performed so that the mobility of the enzymes reflects the net charge of the protein determined by the amino acid sequence. Substitutions of charged amino acids cause changes in protein electrophoretic mobility. MLEE has been used to analyse the genetic relationship between C. jejuni and C. coli isolates and to attempt to classify strains from humans and animals within these two species (Aeschbacher & Piffaretti, 1989) . DNA hybridization studies showing that C. jejuni and C. coli are distinct species were confirmed and it was also found that Campylobacter strains from humans with diarrhoea and strains of animal origin were genetically indistinct (Vandamme et al., 1991b) . Therefore, each animal isolate may be considered a potential human pathogen. Another MLEE analysis, characterizing C. jejuni isolates from epidemic investigations, demonstrated that MLEE could be used to differentiate strains within the same serotype . It was concluded that MLEE could be a useful epidemiological research technique in the study of Campylobacter outbreaks.
In this study, MLEE was used to analyse the genetic relatedness of Campylobacter isolates from nine of the 15 species. Although isolate sampling was biased toward human clinical strains, the tested population includes isolates from more diverse sources than tested previously. Linkage analyses were performed to determine whether clonal structure of Campylobacter populations could be detected.
METHODS
Bacterial isolates. All isolates were from the collection of the National Campylobacter and Helicobacter Reference Laboratory, National Center for Infectious Diseases, Centers for Disease Control and Prevention (CDC), Atlanta, GA, USA. One-hundred-and-eleven isolates were from humans, 41 were from animals, one was from environmental water and three were from unknown sources. The geographical sources of the isolates included 98 isolates from the USA, 54 isolates from 10 other countries and four isolates from unknown sources (Table 1 ). All isolates were characterized by phenotypic tests and by cellular fatty acid analysis (Barrett et al., 1988 ; Lambert et al., 1987) and a subset of 90 isolates was characterized by DNA-DNA hybridization studies using methods described by Kiehlbauch et al. (1991) . The test isolates consisted of 57 isolates of C. jejuni subsp. jejuni (nine of which were hippuricase-negative, but confirmed as C. jejuni by DNA-DNA hybridization), nine of C. jejuni subsp. doylei, 22 of C. coli, 33 of Campylobacter lari, four of Campylobacter fetus, eight of Campylobacter hyointestinalis, four of Campylobacter upsaliensis and one isolate each of Campylobacter concisus, Campylobacter mucosalis and Campylobacter sputorum. Fourteen isolates were phenotypically indistinguishable as C. jejuni or C. coli, but were not subjected to characterization by DNA-DNA hybridization. Two isolates were phenotypically atypical, not fitting into any species category.
Whole-cell extracts. Each isolate was grown to confluence on 20 or more plates (15i150 mm) of either Mueller-Hinton agar (Oxoid, Unipath) with 5 % sheep blood, brucella agar (Gibco) with 10 % sheep blood or heart infusion agar (Gibco) with 5 % rabbit blood. Plates were incubated at 37 or 42 mC in an atmosphere of 5 % O # , 10% CO # and 85 % N # for 24-48 h. Extracts were prepared as described by Selander et al. (1986) , filtered twice (0n45 and 0n22 µm Millex-GV units ; Millipore), dispensed into aliquots and stored at k60 mC. A second and sometimes a third extract was prepared for each isolate that showed a lack of specific enzyme activity (null) when that enzyme activity was observed for a majority of the isolates.
Electrophoresis and staining of enzymes. The general methods for electrophoresis and staining were described by Selander et al. (1986) . Gels of hydrolysed potato starch (Connaught Laboratories) in buffer consisting of 0n023 mM Tris\0n0052 mM citric acid (pH 8n0) were poured into Plexiglas gel trays with glass bottoms that were fabricated at the CDC. A filter-paper wick was saturated with each extract and inserted vertically into the gel. The extracts were subjected to electrophoresis in a Bio-Rad electrophoresis cell with electrode buffer consisting of 0n687 mM Tris\0n157 mM citric acid (pH 8). Electrophoresis was conducted at 170 V with cooling until a marker dye moved 10 cm towards the anode (about 6 h). The gel was sliced horizontally into 2 mm thick slices. Each slice was stained for a specific enzyme activity as described by Selander et al. (1986) except that an agar overlay was used for fumarase (FUM) and the method of Harris & Hopkinson (1976) was used for catalase (CAT). C. jejuni isolates were initially screened for 40 enzymes. The 11 enzymes that were selected for assay in all isolates are given in Table 1 . Each extract was tested a minimum of three times for each enzyme. Electrophoretic variants (electromorphs) of each enzyme were numbered in order of increasing rate of anodal migration and were equated with alleles at the corresponding gene locus. et al., 1986 ) was used to define electrophoretic types (ETs) and to calculate diversity scores (H ). Analyses were repeated ignoring nulls (a locus for which no enzyme activity was detected) or with a dummy allele replacing the nulls such that nulls were counted as an allele. A proportionate distance matrix, with nulls counted as an allele, was generated for all the isolates using  (Selander et al., 1986) . The distance matrix was reformatted and used for unweighted pair group method with arithmetic means (UPGMA) analysis in the  program of the  package (Felsenstein, 1993) . The output treefile was imported into MacClade (Maddison & Maddison, 1992) for character state tracing and calculation of the consistency index (CI) tree diagnostics. Trees were printed with the program  (Page, 1996) . et al. (1993) for evaluating clonality of bacterial populations were calculated using the program  (kindly provided by R. Lan, The University of Sydney, NSW, Australia). Linkage analyses were performed using the program  (Selander et al., 1986) , which generated mismatch distributions, and the Q* and Q statistics described by Hedrick & Thomson (1986) . The Q statistic is χ#-distributed and significant linkage (P 0n05) was determined by comparison to a χ# table at (n " k1)i(n # k1) degrees of freedom (n " and n # are the number of alleles at the first and second members of the pair of loci being compared). The Q* statistic is a measure of linkage distance (Hedrick & Thomson, 1986 ) of each pair of loci. The Q* matrix was used in cluster analysis by the principle coordinate analysis method in the program  (Rohlf, 1997) . Only linkage analyses with nulls ignored are reported.
Statistical methods. The program  (Selander

Indexes of association (I A ) of Maynard Smith
Possible linkage of loci with the source of the isolates was examined using the following source categories : (0) unknown ; (1) bovine ; (2) chicken ; (3) dog ; (4) environmental water ; (5) human ; (6) porcine ; (7) seagull ; and (8) other. The Q statistics (Rohlf, 1997) were calculated as above for pairings of source with each locus and tested for significance as above (n for source l 9).
RESULTS AND DISCUSSION
Diversity of Campylobacter species
A table with raw allelic scores for the 11 loci for all the isolates is available as supplementary material in IJSEM Online (http :\\ijs.sgmjournals.org\). Adenylate kinase (ADK) was the only locus for which no null alleles were observed. C. jejuni and C. upsaliensis R. J. Meinersmann and others isolates all had positive alleles for phenylalanyl-proline peptidase (PPP), whereas the remaining species were all null for PPP. All of the C. lari isolates were null for malate dehydrogenase (MDH), isocitrate dehydrogenase (IDH), PPP and aconitase (ACO). Diversity scores (H ) express the probability that two members of a population chosen at random will be different at the analysed locus. Our analysis of diversity (Table 1) substantiates earlier findings by several methods that the genus Campylobacter is very diverse (Aeschbacher & Piffaretti, 1989 ; Costas et al., 1987 ; Fitzgerald et al., 1996 ; Madden et al., 1996 ; Owen et al., 1988 Owen et al., , 1995 Patton et al., 1993 ; Vandamme et al., 1991b) .
Enzyme electrophoresis detects changes in the net charge of the protein.
Since only a portion of amino acids are charged and many genetic changes are silent (synonymous), there are undoubtedly more alleles than are detected by this method. Nineteen alleles were found for alkaline phosphatase, a high degree of diversity for a housekeeping enzyme without considering silent changes. Nulls can occur for several reasons that cannot be accounted for and, therefore, properly are not used in linkage analyses. However, it is still preferable to use them in cluster analysis since they are different, whatever the reason. A tree containing all the isolates generated by the UPGMA method showed 118 ETs (Fig. 1) . The tree analysis was performed counting the nulls as an allele, but the rest of the presented data ignores null data. However, analyses with nulls did not change the conclusions.
All the isolates clustered into species-specific groups except for one isolate that had been phenotypically identified as C. hyointestinalis (D2411). The nine hippuricase-negative isolates that had been confirmed as C. jejuni by DNA-DNA hybridization grouped within the C. jejuni cluster. Of the 14 hippuricasenegative isolates that were not tested by DNA-DNA hybridization, 13 grouped within the C. coli cluster and one grouped with C. jejuni. In the dendrogram showing the cluster analysis of the genetic distance between isolates (Fig. 1) , the shortest distance observed between species was the split between C. concisus, C. mucosalis and C. sputorum, at a genetic distance of about 0n6. This distance is less than that for major clusters within the C. jejuni clade, especially the separation of C. jejuni subsp. doylei from C. jejuni subsp. jejuni (genetic distance approximately 0n8). However, DNA-DNA hybridization studies have shown that C. jejuni subsp. jejuni and C. jejuni subsp. doylei have a DNA relatedness that is typical for isolates of the same species (Steele & Owen, 1988) .
Analyses for clonality
The data accumulated for this study were further analysed to determine whether the genus Campylobacter is clonal. A population is clonal if the members differ due to the accumulation of mutations without recombination events. A clonal population should have very few homoplasies. Homoplasy is ' a collection of phenomena that leads to similarities in character states for reasons other than inheritance from a common ancestor ' (Hillis et al., 1996) . Homoplasy can result from convergent or parallel evolution or from 17 4 8 7 -6. C. lari 2 0 4 2 9 -7. C. mucosalis 3 0 0 1 1 0 -8. C. sputorum 1 0 0 1 2 1 0 -9. C. upsaliensis 6 0 1 3 6 2 2 1 Table 3 . Tree diagnostics for the tree shown in Fig. 1 . 9  110  0n50  1  ALD  20  39  19  121  0n49  5  ME  16  33  15  127  0n45  4  IDH  12  26  11  98  0n42  5  THD  12  27  11  104  0n41  5  PLP  13  29  12  121  0n41  8  ACO  14  40  13  117  0n33  8  CAT  9  31  8  108  0n26  5 reversals. It is observed in phylogenetic reconstruction when non-null alleles occur in terminal members of a tree that are linked to each other through putative ancestors that do not have the same allele. The selective pressures on the enzymes analysed in this study should be neutral. Consequently, divergence of the alleles should be much more rapid than back mutations. Clonal bacteria have only one common ancestor with another species. The observation of sharing more than one allele of an enzyme that is only carried in one copy between a pair of species is, therefore, an example of a homoplasy. Of the 121 non-null alleles for the 11 loci, 50 were shared by more than one species. The number of alleles shared between each pair of species is given in Table 2 . The number of shared alleles for each locus is included in Table 3 (right-most column). A list of pairs of species that shared two or more alleles for a single locus, which represent homoplasies, is presented in Table 4 . A possible explanation for the betweenspecies homoplasies observed is the sharing of DNA between the species by horizontal transfer and recombination events. The progeny of a recombination event then have ancestors from more than one lineage.
Since it is possible for different alleles to be identified as the same in enzyme electrophoresis, this may be an artefact. However, it would be expected that the frequency of this kind of artefact would correlate with the number of alleles found for a given enzyme. The number of alleles shared between species did not correlate with the total number of alleles per locus in this study (Table 3) . Our observation of sharing multiple alleles between pairs of species in the genus Campylobacter contrasts with the conclusion of Aeschbacher & Piffaretti (1989) that C. jejuni and C. coli were genetically isolated. Support for the conclusion that C. jejuni and C. coli are not genetically isolated can be found in the observation that the DNA sequences for flagellin gene alleles do not distinguish C. jejuni and C. coli (Meinersmann et al., 1997) . Also, some serotypes have been found in more than one Campylobacter species (Mills et al., 1991 ; Penner et al., 1983) .
Sharing of genes between populations, in this case between species, should homogenize the populations (Dykhuizen & Green, 1991) . C. coli, C. jejuni and C. hyointestinalis shared alleles with all the species tested (Table 2) . C. jejuni appears to be especially active in sharing alleles with other Campylobacter species (Tables 2 and 4 ). It is difficult to determine the degree of significance from the shared allele data because of the varied and sometimes small numbers of isolates of some species that were analysed. Additionally, because most of the isolates used in this study were clinical isolates or were from sources associated with human infections, the results may have been affected by sampling bias. However, in the case of C. coli and C. lari, where similar numbers of isolates were tested, there was substantially more sharing of alleles between C. jejuni and C. coli than between C. jejuni and C. lari (Tables 2 and 4 ). The rate of recombination between two species is determined by the capacity of the species to incorporate exogenous DNA, the similarity of the R. J. Meinersmann and others DNA of the bacterial strains involved and the number of opportunities that arise for sharing DNA (Dykhuizen & Green, 1991) . Thus, the high rate of recombination between C. jejuni and C. coli could be due to the similarity of the two species, to the large populations of these species and\or to the fact that they often share the same habitat. C. jejuni may have a greater capacity for transformation or the species may migrate more readily between habitats. C. lari had no linkage of loci within the species (see below), which must mean that the species is capable of transformation with at least DNA from other C. lari. However, C. lari shared far fewer alleles than C. jejuni or C. coli shared with other species.
With the amount of gene sharing that appears to be occurring between the Campylobacter species, why do they remain distinct species? The answer may be that only portions of the genome are involved in recombination events and the remaining portion forms a clonal frame (Milkman & Bridges, 1990) . This concept has been restated by Paul (1999) as genetic ' software ' prone to change and enduring cellular ' hardware '. If the predominant mechanism for producing the homoplasies described above was from recombination events, then the relative frequency of involvement in recombination events may be reflected by quantifying the role each locus plays in the homoplasy. A measure of the amount of homoplasy exhibited by a locus in a reconstructed phylogram is given by the CI (Table 3 ; Maddison & Maddison, 1992) . The maximum possible value of 1n0 is achieved when there is no homoplasy. The overall CI for the tree (Fig. 1 ) was 0n427 and the homoplasy index (HI) was 0n573. The CI for each locus in the illustrated tree (Fig. 1) ranged from 0n26 to 0n75 (Table 3) . To determine how an individual locus might 
have contributed to the overall CI and HI, trees were generated for all combinations of 10 loci, leaving out one locus with each newly generated tree. There was no substantial change in these statistics performed without any one of the loci. Data presented in Table 3 are in descending order of CI. ADK has the lowest level of homoplasy and CAT has the highest. The low CI values indicate that some genes may be substantially exchanged among Campylobacter, whereas other loci with higher CIs, such as ADK, are not extensively shared. However, the CI did not correlate with the number of alleles of a locus that were shared between species. For instance, FUM, with the second highest CI of 0n5, shared four out of six non-null alleles between species (Table 3) and was found to share multiple alleles between two pairs of species (Table 4) . MDH, also with a CI of 0n5, only shared one out of nine non-null alleles between species (Table 3) . Therefore, the rate of homoplasy for a locus within a species was not predictive of between-species homoplasies.
The MLEE data were subjected to a series of linkage analyses to determine whether a clonal frame could be defined. The mismatch distribution is the frequency of isolate pairs having a given number of differences. A normal distribution is indicative of random differences between members of the tested population and is characteristic of a population structure in which recombinant sharing of alleles is common, i.e. the population is non-clonal (Whittam, 1995) . A bimodal distribution reflects a departure from random differences and is characteristic of clonal populations (Whittam, 1995) . The mismatch distributions of ETs for the entire test population and for C. jejuni, C. coli and C. lari (populations for which more than 30 isolates each were tested) were calculated (Fig. 2) . The unimodal mismatch-distribution curves seen for C. coli and C. lari are indicative of random differences characteristic of non-clonal populations (Whittam, (Fig. 2) shows a bimodal distribution when subspecies jejuni and doylei are both included. However, C. jejuni subsp. jejuni alone showed a unimodal mismatch distribution, as did the distributions for C. coli and C. lari. It could be concluded, then, that C. coli and C. lari are nonclonal and that C. jejuni is only clonal at the subspecies level. However, analysis of the I A value for each subpopulation that was represented by eight or more isolates (Maynard Smith et al., 1993 ; Table 5 ) yields a different interpretation. A value for I A that is significantly greater than 0 is indicative of a clonal structure. C. lari was the only species that was not clonal, based on I A . In addition, if there was epidemic clonal expansion, the I A values for ETs are expected to be substantially lower than the I A observed for all the isolates (Maynard Smith et al., 1993) . Epidemic clonal expansion is observed when a clone of the organism is particularly successful and increases rapidly in prevalence. This could make an otherwise non-clonal popu-R. J. Meinersmann and others lation look clonal because recombination events have not yet homogenized the genome with the rest of the population. The C. jejuni subsp. doylei subpopulation illustrates evidence of epidemic clonal expansion (Table 5) .
It is interesting to compare the I A values obtained for the Campylobacter populations with those determined previously (Maynard Smith, 1995 ; Maynard Smith et al., 1993) for other species of bacteria. Rhizobium and Bacillus appeared to be clonal at the species level, but both have subgroups (possibly subspecies) that are panmictic within the subgroup, similar to the data for C. jejuni subsp. jejuni and subsp. doylei. Neisseria meningitidis was clonal at the isolate level, but not at the ET level, suggesting clonal epidemic expansion. Salmonella enterica serotype Panama and S. enterica serotype Paratyphi B also showed epidemic expansion, but other Salmonella did not.
The pairwise linkage analysis of the loci showed the mosaic nature of Campylobacter genomes other than C. lari. The pairwise locus linkage was evaluated by generating the Q statistic, which was compared to a χ# table at the appropriate degrees of freedom to determine whether linkage was statistically significant. When considering the entire population, all the loci were linked to the others. Pairwise locus linkage within species (of the species in which more than 30 isolates were evaluated) is shown in Table 6 . C. coli had 15 pairs of loci that were significantly linked to each other and 13 pairs that were not linked. C. jejuni (subsp. jejuni and doylei) had 46 pairs of linked loci and nine pairs that were not linked. Cluster analysis of linkage distances (Q*) was performed by principle co-ordinate analysis to produce a multidimensional linkage map.
C. lari appeared to be panmictic ; there was no linkage disequilibrium. That is to say, the likelihood of any pair of alleles for two loci occurring together in C. lari is not different from that expected simply by combining the frequency of each allele. The entire population and the C. jejuni and C. coli subpopulations clearly show that there is association of alleles at locus pairs that departs from random. This is a linkage disequilibrium. The major factor in linkage disequilibrium may be the physical distance that separates the loci and, therefore, the physical linkage of the loci on the organism's chromosome should be similar to the statistical linkage maps. However, this will be difficult to validate because the genes encoding the peptidases are not readily identified.
A series of analyses was performed to determine whether any loci were linked to the source of the isolates. When the isolates were coded such that isolates from systemic human sources were considered separately from enteric isolates, all of the loci were linked to the source except PPP and FUM. Grouping of all human isolates into one category resulted in the loss of significant linkage to MDH. When the source was limited to all human versus all non-human sources, only isocitrate dehydrogenase (IDH), threonine dehydrogenase (THD) and CAT showed linkage with the source. When considering the major subpopulations of isolates, none of the loci showed linkage with source for C. coli or C. lari. However, for C. jejuni (subsp. jejuni and doylei), significant linkage to the isolate source was found for malic enzyme (ME), IDH, THD and PPP.
As the criteria for the source of the isolates were tightened, linkages of source to loci were lost in an order that roughly correlated with the CI of the loci (Table 3) . ACO was an exception to this observation. If homoplasy of a locus was selection-driven, linkage of the locus with the source of the isolate would be expected. However, the linkage to source may not actually reflect selection of the assayed loci, but selection for other genes that are closely linked to the assayed loci. In addition, the observed linkage with source may reflect mostly the species of the isolates. For example, seagull isolates were only found among C. lari and there was no distinction of human versus seagull isolates within C. lari. Source linkage within a species was only detected for C. jejuni. However, eight of the nine isolates from chickens were from the same geographical region (Seattle, WA, USA) and there were only three other non-human isolates of C. jejuni.
In conclusion, Campylobacter appears to have a clonal framework such as that suggested by Milkman & Bridges (1990) for Escherichia coli. However, the clonal frame for Campylobacter may be a substantially smaller portion of the genome than observed with E. coli, since the proportion of the Campylobacter housekeeping genes that appears to be involved in exchange is greater than that seen for E. coli. The clonal frame is less active in inter-clonal recombination events and thus differs from that of other members of the same lineage mostly by the accumulation of mutations. The segments that are involved in genomic reassortment are unknown, but random exchange of these segments may contribute to the generation of diversity of Campylobacter species. The finding of a clonal framework also explains the apparent stability of some genetic markers. For instance, a DNA restriction fragment from C. jejuni was linked to chickens as a source of the isolate . Also, cdt, encoding cytolethal distending toxin, was found on a conserved DNA restriction fragment in every isolate of C. jejuni tested (Pickett et al., 1996) . Thus, it may become possible to identify determinants that contribute to specialization of Campylobacter for their favoured niches.
